Recently, WTe 2 , a typical kind of transition metal dichalcogenides (TMDs), has attracted considerable attention and initiated intensive study, since it manifests many novel and intriguing physical properties including extremely large magnetoresistance (XMR) [1] , type II Weyl Fermion [2] [3] [4] [5] [6] , pressure-induced superconductivity [7, 8] , two-dimensional topological insulator in monolayer [9] , and so on [10] [11] [12] [13] [14] [15] . In WTe 2 , the magnetoresistance is reported to reach an order of at least 10 5 %∼10 6 % at low temperature and remains quadratic up to a field of 60 Tesla with no indication of saturation. However, the exact origin of the unusual magnetoresistance is still under debate [16] [17] [18] [19] [20] [21] . On the basis of band structure calculations and two-fluid model analysis, a perfect electron-hole compensation mechanism was proposed to account for the extremely large magnetoresistance and its unsaturated behavior. WTe 2 is regarded as a perfect semimetal that shows a small overlap between the valence-band and conduction-band states with an equal number of hole and electron carriers [1, [22] [23] [24] [25] [26] . It has become a mainstream mechanism after many magneto-transport and angle-resolved photoemission (ARPES) experiments were performed, though different groups reported rather inconsistent results even with the same kind of technique. However, so far direct experimental verification on the perfect compensation of electrons and holes in WTe 2 is still lacking.
This requires an accurate and complete measurement on the band structure and Fermi surface of WTe 2 .
The precise determination on the electronic structure of WTe 2 is challenging because of its multiple Fermi pockets that are tiny and located in a narrow momentum space, complications of bulk bands and surface states, and the three-dimensional nature of the electronic structure.
Using the existing ARPES results it is hard to provide a conclusive answer to whether the electron and hole carriers are compensated for or not in WTe 2 [12, 16, 22] . In this paper, we have carried out high-resolution ARPES measurements on WTe 2 at different temperatures to examine on the origin of its extremely large magnetoresistance. Utilizing laser-based ARPES with high energy and momentum resolutions, we reveal the complete electronic structure of WTe 2 . This makes it possible to determine accurately the electron and hole concentrations and their temperature dependence. We find that, with increasing the temperature, the overall electron concentration increases while the total hole concentration The ARPES measurements were performed using our newly developed laser-based ARPES system equipped with a 6.994 eV vacuum-ultra-violet (VUV) laser a the time-offlight electron energy analyzer (ARToF10K by Scienta Omicron) [4] . The unique capability of our ARPES system, including simultaneous coverage of two-dimensional momentum space and high energy and momentum resolutions, made it possible to get obtain high resolution ARPES data on WTe 2 . Figure 1 shows the temperature dependence of the measured Fermi surface, with the original data, its second derivative image and its extracted contour displayed in Fig. 1 (a), 1(b) and 1(c), respectively. The corresponding temperature dependence of the energy bands along a few typical momentum cuts is shown in Fig. 2 Therefore, we are not going to dwell on this feature in the following.
The electron-hole compensation mechanism is proposed to account for the extremely large magnetoresistance in WTe 2 [1] . Examination on the picture requires a precise determination where the hole pockets disappear [12] . From our present data in Fig. 1 , we can still see the presence of the hole pockets at 165 K that are not consistent with such a Lifshitz transition.
This difference might be due to different k z we measured and/or slightly different doping levels in the measured WTe 2 samples. Fig. 2(i) ).
The corresponding MDCs at the Fermi level are shown in Fig. 2(f) . With increasing the temperature, an obvious shrinking of the Fermi surface along this momentum cut can be seen. The temperature evolution of the band structures shown in Fig. 2 is consistent with the temperature-dependent Fermi surface evolution in Fig. 1 . They all indicate that, with increasing the temperature, the hole pockets exhibit an obvious shrinking while the electron pockets show a slight increase in WTe 2 .
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In the two-band model, the transport properties of materials are dictated not only by the concentration of charge carriers, but also by the mobility of the carriers. In ARPES measurements, the measured scattering rate can be closely related to the mobility of the carriers, and they are inversely proportional to each other. To derive the temperature dependence of the scattering rate for the Fermi pockets in WTe 2 , we plot the photoemission spectra (energy distribution curves, EDCs) at different temperatures in Fig. 2(g) for the hole pockets and in Fig. 2(h) for the electron pockets, at two representative momentum positions marked as spots a and b in Fig. 2(i) , respectively. The corresponding symmetrized EDCs are shown in the right panels in Fig. 2(g) and 2 (h). The extracted EDC widths, which are related to the scattering rate, are plotted in Fig. 4(d) as a function of temperature. It is found that the hole pockets and electron pockets show comparable scattering rates, and both of them increase with increasing the temperature. direction, the band structures at Γ consists of two hole-like bands: one is the narrow band with its top at ∼5 meV below the Fermi level at 20K [4] , while the other is a broad band with its top at ∼55 meV below the Fermi level that is composed of four nearly degenerate bands as seen in the band calculations [4] . These two bands are rather anisotropic in the momentum space. When measured along the ΓX direction, they both become quite flat, as seen in Fig. 3(c) . to 72 meV at 165K. Moreover, the peak intensity of the flat band obviously decreases with increasing temperature, as seen from the EDCs at the Γ point in Fig. 3(d) . Figure 3 (e) shows the momentum-integrated EDCs around the momentum region of the Γ point covering the flat band. Here we find that the original data and the Fermi-distribution-function removed data show slight difference thus we only show the original data in Fig.3 (d) and 3(e). At low temperature, the flat band is very close to the Fermi level which contributes some integrated spectrum weight at the Fermi surface mapping at Γ, as seen in Fig. 1 . With increasing the temperature, the flat band shifts to higher binding energy, accompanied by the reduction of its peak intensity ( Fig. 3(d) ), leading to spectral weight reduction near the Fermi level in the integrated EDCs (Fig. 3 (e) and 4(f)). The broad hole-like band also shows a similar spectral weight reduction during warming up.
The quantitative determination of the area for each electron pocket (Fig. 4(a) ) and each hole pocket (Fig. 4(b) ) offers an opportunity to check on the electron-hole balance in WTe 2 at this specific k z . Figure 4(c) shows the total areas of the electron pockets (red circles) and hole pockets (blue circles) which correspond to carrier concentrations of electrons and holes in WTe 2 . With increasing the temperature, the total number of holes shows a pronounced decrease while the total number of electrons exhibits a slight increase. The opposite trend of the temperature evolution of the electrons and holes causes the result that only at one temperature, here at 135 K, that the total areas of electrons and holes are the same. For all the other temperatures, they are different. In particular, the difference becomes larger with decreasing the temperature. At 20 K, the area of the hole pocket is more than twice that of the electron pocket.
We note that the electronic structure of WTe 2 shows a clear three-dimensional k z effect, therefore, one should take three-dimensional Fermi surface into consideration when examining the electron-hole compensation picture [1, 3, 27] . For the Fermi surface sheets we measured at a given photon energy, they represent a momentum cut of the three-dimensional Fermi surface at a given k z . One major finding of our work is that there is an overall Fermi level shift with temperature, from both the temperature dependence of the Fermi surface ( Fig. 1 ) and band structures (Figs. 2 and 3 ). It is also consistent with the work reported before [12, 22] . In this case, with increasing the temperature, the Fermi level shows an overall upward shift, which gives rise to an increase of the electron pockets and a concomitant reduction in the hole pockets. This is true for the two-dimensional Fermi pockets at a given k z , and it is also true for the three-dimensional electron pockets and hole pockets in WTe 2 .
Therefore, one may expect that the three-dimensional hole concentration and electron concentration in WTe 2 show opposite trends of evolution with temperature, similar to those shown in Fig. 4(c) . In this case, the perfect electron-hole compensation, if exists, can only occur at one temperature, and in the rest of the temperature range, the electron and hole concentrations are different and their difference becomes larger when moving away from that particular temperature. If the particular temperature is at a finite temperature like 100 K, it will apparently violates the electron-hole compensation as the origin of the unusual magnetoresistance. Only if accidentally the electron-hole compensation temperature is at 0 K can the picture explain the observed large magnetoresistance at low temperature and its disappearance at high temperature. Although this is quite unlikely, more work needs to be carried out to find out whether there is a perfect electron-hole compensation in WTe play an important role on magnetorersistance as suggested before [16] . With increasing the temperature, the magnetoresistance effect rapidly becomes suppressed at high temperature in WTe 2 [1] . Such behavior was attributed to the lost balance between electrons and holes due to the thermal excitation of the high binding energy bands at ∼50 meV below the Fermi level [22] . This is quite unlikely because it is usually impossible for such a deep band to substantially contribute to the electronic transport at the limited temperature. On the contrary, the near-E F flat band we have observed may play an important role in affecting the transport properties of WTe 2 . The flat band is quite close to the Fermi level at low temperature, shifts away from the Fermi level with increasing the temperature, accompanied by a loss of its spectral weight near the Fermi level. Such a temperature-dependent evolution follows the temperature-dependent magnetoresistance in WTe 2 , thus the effect of this flat band on the unusual magnetoresistive behavior should be taken into consideration. 
